Extremely few objective estimates of traumatic brain injury incidence include all ages, both sexes, all injury mechanisms, and the full spectrum from very mild to fatal events. Methods: We used unique Rochester Epidemiology Project medical records-linkage resources, including highly sensitive and specific diagnostic coding, to identify all Olmsted County, MN, residents with diagnoses suggestive of traumatic brain injury regardless of age, setting, insurance, or injury mechanism. Provider-linked medical records for a 16% random sample were reviewed for confirmation as definite, probable, possible (symptomatic), or no traumatic brain injury. We estimated incidence per 100,000 person-years for 1987-2000 and compared these record-review rates with rates obtained using Centers for Disease Control and Prevention (CDC) data-systems approach. For the latter, we identified all Olmsted County residents with any CDC-specified diagnosis codes recorded on hospital/emergency department administrative claims or death certificates during 1987-2000. Results: Of sampled individuals, 1257 met record-review criteria for incident traumatic brain injury; 56% were ages 16 -64 years, 56% were male, and 53% were symptomatic. Mechanism, sex, and diagnostic certainty differed by age. The incidence rate per 100,000 person-years was 558 (95% confidence interval ϭ 528 -590) versus 341 (331-350) using the CDC data-system approach. The CDC approach captured only 40% of record-review cases. Seventy-four percent of missing cases presented to the hospital/emergency department; none had CDC-specified codes assigned on hospital/ emergency department administrative claims or death certificates; and 66% were symptomatic. Conclusions: Capture of symptomatic traumatic brain injuries requires a wider range of diagnosis codes, plus sampling strategies to avoid high rates of false-positive events.
T raumatic brain injury contributes to premature death, disability, and adverse medical, social, and financial consequences for the injured persons, their families, and society. [1] [2] [3] [4] [5] [6] Complete and valid estimates of brain injuries are essential for targeting prevention, predicting outcomes, addressing future care needs, identifying best practices, and implementing cost-effective treatments. 3, 7 Population-based objective estimates are needed that include both sexes, all age groups, all mechanisms of injury, and the full spectrum of injury, ranging from very mild (ie, no evident loss of consciousness or amnesia) to fatal events.
With rare exception, 2,8 -10 population-based objective estimates of traumatic brain injury use approaches similar to the data-systems approach recommended for multistate surveillance by the Centers for Disease Control and Prevention (CDC). 11, 12 Although this approach has provided invaluable estimates of the burden of traumatic brain injury within the United States, it has several limitations. Case ascertainment relies on International Classification of Diseases, 9th Revision (ICD-9), and ICD-9-Clinical Modification (ICD-9-CM) diagnosis codes (Table 1) , as obtained from death certificates or from hospital inpatient, hospital outpatient, or emergency department administrative claims. 6, 7, 13 Nonfatal events diagnosed and managed outside hospital/emergency department settings are excluded; the number of such events is substantial and increasing. 2,3,14 -16 Even if office visits are included, 2 a substantial proportion of traumatic brain injuries are likely missed by reliance on data collected for billing rather than clinical purposes (ie, administrative claims). Unless relevant for reimbursement, traumatic brain injury may not be coded (eg, polytrauma cases). 3, 15 Signs and symptoms are also underrepresented. 17 If signs and symptoms that constitute case status in most clinical definitions of traumatic brain injury are present in administrative data, 6, 18, 19 they may be assigned ICD-9-CM codes, such as postconcussion syndrome (310.2), confusion (298.9), or late effects of injury (905.0, 907.0) in survivors, all excluded from Table 1 . Also excluded are events with evidence of brain injury in the medical record but that were assigned a code for fracture of face bones (802), other open wound of head (873), dislocation of jaw (830), injury to blood vessels of head and neck (900), crushing injury of face and scalp (925.1), etc. 9 CDC-recommended codes are not only limited, they are biased toward more severe events. It is estimated that 70%-90% of all traumatic brain injuries are mild. 16, 19, 20 Although most persons who suffer mild traumatic brain injury experience full recovery, the potential for long-lasting neuropsychological impairment is increasingly demonstrated; there is rising concern, especially with injuries for which the only evidence of brain involvement is postconcussive symptoms. 19 -27 A wider range of diagnostic codes for identifying potential cases is essential for ensuring capture of all traumatic brain injuries. However, simple expansion of codes to include all relevant symptoms, late effects, and related injuries would produce unacceptable false-positive rates. There is also the potential for duplicate counting of traumatic brain injury events with the CDC data-systems approach. With some exceptions, 28 multiple sources of diagnosis codes (eg, emergency department, hospital, death certificates) are sampled and merged, and unique persons are not identified; thus, limiting the capacity to distinguish incident from subsequent events and sequelae.
The present study addresses a number of limitations of previous estimates of traumatic brain injury incidence by taking advantage of the unique Rochester Epidemiology Project medical records-linkage resources. Rochester Epidemiology Project resources include a sensitive and specific diagnostic coding system and access to complete clinical details contained within provider-linked medical records for essentially every member of the geographically defined population. 29 The study also compares incidence rates and patient characteristics using Rochester Epidemiology Project resources with those obtained for the same population using the CDC data-systems approach.
METHODS

Study Setting
Olmsted County, Minnesota (2000 census population, n ϭ 124,277), provides a unique opportunity for investigating the natural history of traumatic brain injury. 30 -35 Rochester, the county seat, is approximately 80 miles from the nearest major metropolitan area and home to one of the world's largest medical centers, Mayo Clinic. Mayo Clinic and its 2 hospitals, together with Olmsted Medical Center (a second group practice and its hospital), provide nearly all of the medical care delivered to local residents. Since 1907, every Mayo patient has been assigned a unique identifier, and all information from every contact (including office, nursing home, hospital inpatient/outpatient, and emergency department visits) is contained within a unit record for each patient. Detailed information includes medical history, all clinical assessments, consultation reports, surgical procedures, discharge summaries, laboratory and radiology results, correspondence, death certificates, and autopsy reports. Diagnoses assigned at each visit are coded and entered into continuously updated computer files. The coding system was developed by Mayo Clinic for clinical, not billing, purposes and uses a 9-digit modification of the Hospital Adaptation of ICDA 36 that affords high sensitivity and specificity (eAppendix 1, http://links.lww.com/EDE/A518). Under auspices of the Rochester Epidemiology Project, the diagnostic index and medical records-linkage were expanded to include the other providers of medical care to local residents, including Olmsted Medical Center and the few private practitioners in the area. The Rochester Epidemiology Project provides the ca- 
Study Population
This study was approved by Mayo Clinic and Olmsted Medical Center Institutional Review Boards (IRBs). The medical records of individuals were not reviewed at any site for which the patients refused authorization for their records to be used for research. [37] [38] [39] 
Incidence Using the Rochester Epidemiology Project Records-linkage Approach
The Rochester Epidemiology Project diagnostic index was used to construct a list of potential cases consisting of all Olmsted County residents with any diagnosis suggestive of head injury or traumatic brain injury (eAppendix 1, http:// links.lww.com/EDE/A518) from 1 January 1985 through 31 December 1999 (n ϭ 45,791). The record review required to identify, confirm, and characterize incident events was extremely labor-intensive. Thus, a 20% random sample was identified for review. Due to budget and time constraints, the random review was completed on 7175 persons (16%). Trained nurse abstractors conducted the review under direction of a board-certified physiatrist (A.W.B.) and neuropsychologist (J.F.M.). The review involved all available clinical data, including, but not limited to, general history notes, emergency department notes, hospital records, radiologic imaging findings, surgical records, and autopsy reports.
Traumatic brain injury was defined as a traumatically induced injury that contributed to physiological disruption of brain function. Incident events were defined as the first event during the study period among Olmsted County residents with no mention in the medical record of earlier traumatic brain injury. Each incident event was categorized as definite, probable, or possible using the Mayo Traumatic Brain Injury Classification System (eAppendix 2, http://links.lww.com/ EDE/A518). 40 The system capitalizes on the strength of evidence of brain injury available within the medical record. Definite cases were those with evidence of either death due to this traumatic brain injury; loss of consciousness for at least 30 minutes; post-traumatic anterograde amnesia lasting at least 24 hours; a Glasgow Coma Scale full score in first 24 hours of Ͻ13 (unless invalidated upon review, eg, attributable to intoxication, sedation, systemic shock); or any of the following: intracerebral, subdural, or epidural hematoma; cerebral or hemorrhagic contusion; penetrating traumatic brain injury (dura penetrated); or subarachnoid hemorrhage. Probable cases lacked criteria for definite but had evidence of some loss of consciousness (momentary to Ͻ30 minutes); post-traumatic anterograde amnesia (momentary to Ͻ24 hours); or depressed, basilar, or linear skull fracture (dura intact). Possible (symptomatic) traumatic brain injury cases lacked criteria for either definite or probable but had evidence of any of the following symptoms that lasted Ն30 minutes and were not attributable to preexisting or comorbid conditions: blurred vision, confusion (mental state changes), dazed, dizziness, focal neurologic symptoms, headache, or nausea. Each confirmed incident event was also characterized as to mechanism of injury.
Incidence Using Our Application of the CDC Data-systems Approach
We also estimated Olmsted County incidence rates using the CDC approach that relies on ICD-9-CM codes obtained from death certificate and hospital or emergency department administrative data. 6 As a consequence of the unique circumstances described previously, more than 98% of all hospital or emergency department encounters by Olmsted County residents occur at the 3 Mayo Clinic, and Olmsted Medical Center, affiliated hospitals. Through a datasharing agreement signed by Mayo Clinic and Olmsted Medical Center, patient-level administrative data on healthcare utilization at these institutions are shared and archived within the Olmsted County Healthcare Expenditure and Utilization Database for use in approved research studies. Persons are consistently identified across institutions and over time. Data are electronically linked, affording complete information on all hospital, and ambulatory care delivered by these providers to area residents from 1 January 1987 through the present. The database includes information from all encounters, regardless of patient age, payer, or insurance coverage. Hospitalization variables include patient's unique identifier, sex, birth date, county of residence, admission type (inpatient/ outpatient/emergency department), admission/discharge dates, discharge status, and ICD-9-CM codes for principal discharge diagnosis and up to 14 secondary diagnoses. 41 Consistent with the CDC approach, we identified all Olmsted County residents with any relevant Table 1 code recorded in either hospital/emergency department administrative claims or death certificate data. We included the additional code 959.01 recommended for use by CDC for identifying mild traumatic brain injury. 19 To provide comparable definitions of incidence for the record-review and CDC approaches, we limited the CDC-approach analysis to the earliest relevant traumatic brain injury code assigned to each person over the entire time frame.
The review of medical records that was required to estimate sensitivity and positive predictive values of our application of the CDC data-systems approach was beyond the scope of the present study. However, we compared characteristics of record-review-identified traumatic brain injury cases with those captured and those missed using the CDC approach by identifying the subset of record-review cases with any hospital or emergency department encounter within 2 weeks before or 4 weeks after their traumatic brain injury and the further subset assigned any CDC-recommended ICD code in administrative claims or death certificates, plus remaining record-review cases who died within 1 year of injury with any CDC-recommended code for traumatic brain injury on their death certificate.
Statistical Analysis
Demographic and clinical data were summarized using means and standard deviations (SDs) for continuous variables and frequencies or percentages for categorical variables. In calculating traumatic brain injury incidence rates, the entire Olmsted County population was considered at risk. Denominator age-and sex-specific person-years were estimated from decennial census data with linear interpolation between census years and extrapolation from 2000 to 2006. 42 We assumed that risk of traumatic brain injury for any individual is approximately constant over intervals defined in the underlying rate table (eg, 1 year), the likelihood is equivalent to a Poisson regression, which allowed us to use standard software to estimate standard errors and calculate 95% confidence intervals. 43 We compared incidence rates between groups using the rate ratio test, as described by Lehmann and Romano. 44 
RESULTS
Incidence Using the Rochester Epidemiology Project Record-review Approach
Between 1985 and 2000, there were 46,114 Olmsted County residents with any diagnosis code suggestive of traumatic brain injury. Of these, we excluded 323 who refused authorization to use their records for research at all Rochester Epidemiology Project providers where they had been seen. From the remaining 45,791 residents, a 16% sample was randomly selected for review of authorized medical records. Among all 7175 potential cases, 1429 individuals met record-review criteria for first episode of clinically recognized traumatic brain injury from 1 January 1985 through 31 December 1999. Because administrative claims for Olmsted County residents are available electronically only since 1987, to afford comparison between the recordreview approach and the CDC approach, the present study was limited to 1 January 1987 through 31 December 1999. Characteristics of the 1257 people who met record-review criteria during that time frame are provided in Table 2 .
The broadest age category, that is, nonelderly adults (age, 16 -64 years), accounted for more than half of traumatic brain injury cases. The sex distribution differed by age; males accounted for 64% of cases among youth but only 36% among elderly adults. The most frequent mechanisms of injury among youth were sports/recreation; among nonelderly adults, motor vehicle accidents; and among elderly adults, falls. Fewer than 10% of all confirmed cases met criteria for definite traumatic brain injury, as defined earlier (see eAppendix 2, http://links.lww.com/ EDE/A518). The distribution again differed by age; definite cases accounted for only 4% of cases among youth and 24% among elderly adults. Importantly, more than half of all confirmed traumatic brain injury cases met criteria on the basis of symptoms alone.
Incidence rates and 95% confidence interval estimates using the record-review approach are provided in Table 3 . Age groups varied by sex and evidence category. Overall (all evidence categories and both sexes combined), incidence rates were higher for youth compared with both nonelderly (P Ͻ 0.001) and elderly (P Ͻ 0.001) adults. For probable and possible cases (both sexes combined), rates were also higher for youth compared with nonelderly (P ϭ 0.002 for probable, Ͻ0.001 for possible) and elderly (P ϭ 0.04 for probable, Ͻ0.001 for possible) adults. By contrast, among definite cases, rates were higher for elderly adults compared with both nonelderly adults (P Ͻ 0.001) and youth (P Ͻ 0.001). Among women, when comparing youth with nonelderly adults, rates for youth were higher for all evidence categories combined (P ϭ 0.005) and for probable cases (P ϭ 0.04); when comparing youth with elderly adults, rates for youth were higher for possible cases (P ϭ 0.03) but lower for definite cases (P ϭ 0.03). Among men, when comparing youth with nonelderly adults, rates for youth were higher for all evidence categories combined (P Ͻ 0.001), and for probable (P ϭ 0.04) and possible (P Ͻ 0.001) cases; when comparing youth with elderly adults, rates for youth were higher for all evidence categories combined (P Ͻ 0.001), and for probable (P ϭ 0.03) and possible (P Ͻ 0.001) cases, but lower for definite cases (P ϭ 0.002). Comparisons of record-review incidence rates between the sexes varied by age group and evidence category. For all age groups combined, males had higher rates than females for all evidence categories combined (P Ͻ 0.001) and for probable cases (P Ͻ 0.001). Among youth, men had higher rates than women for all evidence categories combined, and for probable and possible cases (P Ͻ 0.001 for all comparisons). Among nonelderly adults, men had higher rates than women for all evidence categories combined (P ϭ 0.03), and for definite (P ϭ 0.02) and probable (P Ͻ 0.001) cases. By contrast, among nonelderly adult possible cases, men had lower rates than women (P ϭ 0.005). Among elderly adults, no statistically significant between-sex differences were observed (P values for all evidence categories combined, definite, probable, and possible cases ϭ 0.62, 0.44, 0.91, 0.06, respectively).
Incidence Using the CDC Data-systems Approach
From 1987 through 1999, 4894 Olmsted County residents either died with any relevant Table 1 codes for traumatic brain injury on their death certificate or were admitted to hospital/emergency department with any relevant Table 1 codes for traumatic brain injury (plus 959.01) in their admin-istrative claims. Incidence rates using the CDC approach are provided in Table 4 . Comparison of Table 4 rates with Table  3 rates reveals that the overall traumatic brain injury incidence obtained by applying the CDC data-systems approach was only 61% of that using the record-review approach. With a Incidence rates were defined using the first relevant code assigned each unique person from 1 January 1987 through 31 December 1999. Persons for whom record review showed evidence of a previous traumatic brain injury that came to clinical attention were excluded as incident cases. b Using ICD-9-CM 13 diagnosis codes from hospital/emergency department discharge data or death certificate data, as recommended by the CDC and including the additional CDC-recommended code for mild traumatic brain injury. 6 the exception of elderly adult males, CDC rates were lower than record-review rates within each age-and sex-category. For both approaches, we found that traumatic brain injury incidence rates were generally higher for youth compared with older age groups and that incidence rates were generally higher for men compared with women, especially for youth.
Characteristics of Rochester Epidemiology Project Record-review Cases Captured and Missed Using the CDC Data-systems Approach
The Figure shows distributions by category for relevant subsets, with the distribution for all 1257 record-review traumatic brain injury incidence cases (Table 2) in the left column for comparative purposes. Of all record-review cases, 84% (1056/1257) experienced a hospital or emergency department admission within 2 weeks before through 4 weeks after injury; the distribution of this subset (second from left column) is similar to that for all record-review cases. Fewer than half of the 1056 (n ϭ 499) had any CDC-recommended codes within the hospital or emergency department administrative claims or death certificates. Compared with all recordreview cases, the severity distribution for these 499 (third from left column) reveals a greater percentage of definite cases and smaller percentage of possible (symptomatic) cases. An additional 10 record-review cases did not present to the hospital/emergency department but died within 1 year of injury with a CDC-recommended code on their death certificate. Thus, the total of all 1257 record-review cases captured using the CDC data-systems approach was 509, leaving 748 (60%) who were missed. Importantly, of the 748 missing cases, 74% were admitted to hospital/emergency department about the time of the injury. The right column reveals only 3% of missing cases were definite, 30% were probable, and 66% were possible (symptomatic).
DISCUSSION
We used unique Rochester Epidemiology Project medical records-linkage resources to provide objective estimates of traumatic brain injury incidence for Olmsted County MN across the full spectrum of clinically recognized disease. The incidence of 558 per 100,000 person-years using this approach was approximately 1.6 times the incidence of 339 per 100,000 person-years for the same population over the same period using CDC-recommended ICD-9-CM codes recorded on death certificate or hospital and emergency department administrative-claims data. Importantly, 60% (n ϭ 748) of all record-review-confirmed cases were missed using the CDC approach. Two-thirds of missing cases were possible (symptomatic). Of all 748 cases that were missed, 74% presented to hospital or emergency department at time of the traumatic brain injury but had no CDC-recommended codes on administrative claims or death certificate.
Other investigators report similar limitations of CDCrecommended ICD-9-CM codes for capturing all traumatic brain injury cases, and that limitations are greatest at the milder end of the spectrum. 8, 9, [45] [46] [47] [48] Bazarian et al 46 compared clinical assessment for mild traumatic brain injury with CDCrecommended diagnosis codes assigned at emergency department or hospital discharge. The specificity of CDC-recommended codes was 98%; however, sensitivity was only 46%. The authors concluded that mild traumatic brain injury incidence and prevalence estimates using these codes should be interpreted with caution. The situation FIGURE. Distribution by level of evidence of physiologic disruption of brain function for a random sample of all Olmsted County residents who met Rochester Epidemiology Project record-review criteria for traumatic brain injury (n ϭ 1257) (left column) and for specified subsets. The distribution of those record-review cases who would have been missed using the CDC data-systems approach recommendations (n ϭ 748) are in the right column. ED indicates emergency department.
Epidemiology • Volume 22, Number 6, November 2011 TBI Incidence Across the Full Disease Spectrum does not improve after introduction of ICD-10 codes; Deb found ICD-10 codes identified fewer than 50% of all head injury hospital admissions. 49 Our incidence estimates using the CDC approach are lower than published national estimates from CDC. 6 In our application of the CDC approach, we identified unique Olmsted County residents and used the earliest relevant code per individual over the full period. This differs from CDC's estimates, which are intended to include all unique events, not just the first event. Although each approach is informative for different purposes, the capacity of the CDC data-systems approach for distinguishing multiple unique events from overcounting of the same event is limited with most state and national estimates. With the exception of some states, 28 persons cannot be linked within claims data sources, sampling is conducted at the encounter level within each source, and samples are merged across sources. 6, 50 Overcounting is partially addressed by recommendations to exclude emergency department and hospital admissions that end in death or transfer; however, overcounting may still result from readmissions for the same event or discharge followed by out-of-hospital death. 6, 50, 51 Although studies suggest the proportions of inpatient readmissions and deaths following discharge for the same event are small, 52, 53 any such overcounting would exacerbate bias toward more severe events.
Although CDC estimates typically exclude events identified and managed in physicians' offices, Finkelstein et al 2 used multiple data sources to include fatal and nonfatal events across all healthcare delivery settings. The authors addressed the potential for overcounting in the absence of unique identifiers with extensive strategies, some of which (eg, limiting the number of codes under consideration) could have contributed to undercounting. The incidence of 486 per 100,000 person-years reported by Finkelstein et al was slightly lower than our record-review rate of 558 per 100,000 person-years. Our record-review rates were very similar to the 540 traumatic brain injury events per 100,000 population reported by Schootman et al. 54 They included persons seen in physicians' offices; however, they excluded persons who either died before being seen or were admitted as inpatients without being seen in the emergency department. 54 The Rochester Epidemiology Project record-review approach to estimating traumatic brain injury incidence afforded several advantages over most previous studies. Similar to the study by Finkelstein et al, 2 our record-review estimates were population-based, including fatal and nonfatal events, both sexes, all age-groups, all mechanisms of injury, and all healthcare settings. Our record-review approach differed from that by Finkelstein et al 2 and other authors, in that potential cases were identified using a sensitive and specific 9-digit coding system developed for clinical rather than reimbursement purposes; the range of diagnostic codes was extremely broad. Traumatic brain injury case status among potential cases was confirmed by reviewing detailed provider-linked medical records and applying standardized criteria. Access to unique identifiers for all Olmsted County residents over the entire period and across all Rochester Epidemiology Project providers afforded identification of true "incident" events.
Concerns regarding participation, recall, and prevalence bias that are inherent with survey studies were minimized. The proportion of potential cases excluded, based on refusal of research authorization for use of medical records in research, was 5.8% at Mayo Clinic for persons with a traumatic brain injury code assigned there and 3.8% at all Rochester Epidemiology Project providers where a traumatic brain injury code had been assigned; percentages were quite similar to those observed in 2 previous Rochester Epidemiology Project investigations of all Olmsted County residents assigned any diagnosis code. 38, 39 IRB approval for this study prohibited comparisons between refusers and nonrefusers. However, such comparisons were possible with 1 of the 2 previous investigations, in which investigators obtained special IRB permission to compare characteristics of refusers and nonrefusers in 1994 -1996, before the requirement for authorization came into effect. 38 That study, which was limited to persons seen at Mayo Clinic, found refusal rates were greater for persons younger than 60 years. Refusal rates were not associated with sex (P ϭ 0.6), insurance type (P ϭ 0.8), summary comorbidity (P ϭ 0.6), or encounter frequency (P values for the number of office visits, likelihood of hospitalization, and likelihood of surgical procedure were 0.2, 0.6, and 0.4, respectively). When specific diagnoses were examined, the only difference between Olmsted County residents who did and did not refuse authorization at Mayo Clinic was a modest trend toward higher refusal rates for persons with prior diagnoses of mental disorders or circulatory disease. 38 The present study has important limitations. The sample was drawn from a single geographic population, which in 1990 was 96% white. The age-and sex-distribution is similar to United States whites; however, median income and education levels are higher. 29 Although no single geographic area is representative of all others, the underrepresentation of minorities and the fact that essentially all medical care is delivered by few providers compromises the generalizability of findings to other racial/ethnic groups and different healthcare environments.
The variability in published estimates of traumatic brain injury incidence is due in part to marked differences in case definition, especially for the category "mild." 16, 20, 21, 45, 55 Many investigations, including some earlier Rochester Epidemiology Project studies, required evidence of at least minimal loss of consciousness or post-traumatic amnesia to qualify as a case. 30, 31, 35, 56 The requirement minimizes the proportion of false-positive cases that some authors caution can occur because symptoms following head injury are inflated by patient expectations or comorbid stress. 55, 57 Estimates in the present study used a categorization scheme that attempted to reduce confusion surrounding classification systems based on severity and instead reflected evidence of brain involvement; persons with loss of consciousness, post-traumatic amnesia, or skull fracture who failed to meet criteria for definite traumatic brain injury were categorized as probable. Individuals who failed to meet criteria for definite or probable but who presented for care following head injury with complaints of postconcussive symptoms (eg, dizziness, blurred vision, etc.) were included as possible traumatic brain injury. Persons with information suggesting the symptoms were associated with another condition were excluded; however, for people not excluded for these reasons, it is not possible to determine the extent to which our estimate of possible (symptomatic) cases was inflated by patient expectations. Our record-review and CDC incidence rates both excluded persons who did not seek medical attention.
Implications
Of the 748 record-review cases that were missed using the CDC data-system approach, 74% had a hospital/emergency department encounter but did not have any CDCrecommended codes for traumatic brain injury in their administrative claims or on their death certificate. This observation can inform future efforts toward traumatic brain injury surveillance. Our finding suggests that proposals to expand traumatic brain injury surveillance to include office visits, 2, 3, 15, 19, 45 while advisable, are not enough to capture the majority of cases that are missed using administrative data. Expansion of ICD codes beyond those in Table 1 is needed. Efforts to identify all potential cases with any suspect codes for head injuries, late effects, or relevant signs and symptoms would result in an unacceptable fraction of false-positive events; confirmation by record review would be untenable. This problem was addressed in our study by limiting the medical record review to a random sample of all potential cases within the Olmsted County population during the period of study and multiplying the proportion of confirmed cases observed in our sample to reflect rates of confirmed cases within the population. Even greater efficiencies could be achieved by stratified sampling based on preestablished positive predictive values for each code. National surveillance would also benefit by expanding the capacity to identify and follow unique individuals beyond certain states and selected sources to include all states and all sources (hospital, emergency department, office visits, and death certificates).
Our findings that elderly adults and youth were at highest risk for definite and possible traumatic brain injury, respectively, together with the generally higher risk for men observed by us and others, emphasize the need for greater understanding of patient-specific characteristics to reduce risk at the individual level. Our findings that nonelderly adults and possible events account for the greatest number of injuries emphasize the value of focusing on these age-and type-specific subgroups to reduce event rates at the population level. Possible (symptomatic) cases accounted for more than half of all confirmed record-review cases and two-thirds of those missed using the CDC datasystems approach. These findings reinforce ongoing efforts by CDC and others toward increased recognition, especially within contact sports and the military, of injuries for which symptoms are the only available evidence of brain involvement. 23, 24, 27 In light of increasing evidence of adverse outcomes following symptomatic events, the large numbers reported here also substantiate heightened concerns in the press and literature regarding implications, both at the individual and population level. 21, 58 
